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© A magnetic data storage system for use with a 

3 double sided disk in which a prerecorded pattern of 
opaque optical lines is used to define the tracks in 
^ which magnetic data is to be stored. A separate 
ID optical system including an illumination source and a 
00 photosensitive detector is provided on a read/write 
— assembly for each side of the disk. Each detector is 
*m designed also to serve as a reference grating. The 
CO illumination source is designed to image the 
q prerecorded pattern of optical lines on the reference 
• grating as an indication of the alignment of the 
gj read/write head of the assembly and a desired data 
track and any misalignment of the head and track 
generates a servo signal. The d tector uses four 



separate photocells interleaved in a prescribed fash- 
ion to form a quadrature detector that is adjustable 
to compensate for various non-uniformities. One 
form of illumination source uses a surface-emitting 
light emitting diode and optics for forming a multiple 
beam source. 
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DATA STORAGE APPARATUS 



Field of the Invention 

This invention relates to magnetic data storage 
or recording apparatus. s 



Background of the Invention 

Magnetic data storage or recording apparatus w 
typically uses a magnetic storage or recording me- 
dium in which data is stored in tracks. Moreover, 
the trend in computer technology is to increase the 
amount and density of data stored in such media 
This generally involves narrower and closer tracks 1$ 
to increase the density of tracks per inch (TPI). For 
example, high density storage disks typically have 
track densities of about 500 to 1000 TPt. 

As track density increases, a narrow transducer 
or head is required for writing/reading the data in J 20 
tracks and. futhermore, more precise tracking is 
needed to insure writing/reading of the desired 
track so that data can be retrieved correctly. To 
this end. it is vital that the transducer be located 
accurately on a selected track. 25 

The art has recognized the need for accurate 
head tracking and various approaches to this end, 
including servo controlled head positioning sys- 
tems, have been used with varying degrees of 
success. 30 

In particular, it is important not only that the 
tracking technique be reliable but it is also highly 
desirable that it be easy and inexpensive to imple- 
ment and also that it be able to handle the inevi- 
table slight variations that are usual in data storage 35 
apparatus and media commercially available at rea- 
sonable prices. 

In U.S. patent application Serial No. 898.527, 
there is a described magnetic data storage appara- 
tus in which the storage medium, typically a disk, 40 
includes a pattern of optical tracks over which is 
superimposed the magnetic data. The optical pat- 
tern is formed on a transparent base material and 
comprises a large number of lines arranged in 
concentric rings that are essentially opaque to light 45 
radiation, spaced apart by gaps that are essentially 
transparent to light radiation. The base is over- 
coated, generally on both sides, with a layer of 
magnetic recording medium that is thin enough to 
be substantially light transparent. 50 

The optical pattern in the disk typically is used 
as a Ronchi grating adapted for cooperation with a 
reference grating located outside the disk on a 
radially displaceable read/write transducer assem- 
bly that is part of the drive associated with the disk, 



when the disk is in an operative position. Illumina- 
tion, provided from a light source on one side of 
the disk, passes through both the Ronchi grating 
on the disk and the reference grating on the head 
assembly and is detected. 

Movement of the reference grating with the 
head relative to the Ronchi grating modulates the 
intensity of the light reaching the detector in a 
substantially linear manner from track to track so 
as to provide head position error signal information 
to a servo system used to position the read/write 
transducer in the desired alignment with a chosen 
track on the disk. 

The particular apparatus described, while use- 
ful, has room for improvement in performance. In 
particular, for controlling ; tracking of magnetic 
heads on opposite sides of a double sided disk it 
utilizes a common illumination source along with a 
common detector that are relatively far apart and 
so subject to a variety of problems, such as par- 
allax. Moreover, because a common detector is 
used for tracking control of both sides of the disk, it 
is not possible to optimize the spatial relationship 
of the various elements involved in the tracking for 
each of the two sides being tracked, such as hav- 
ing the detector on the same side as the active 
read/write head. 

This is a particular problem when a replaceable 
storage medium, such as a flexible or floppy disk, 
is employed because one of the heads in the drive 
generally is mounted for movement toward and 
away from the opposite head between a confront- 
ing operative position and a spaced apart loading 
position to allow disk insertion and withdrawal. 
Also, the moveable head is typically mounted on a 
gimbal arrangement which allows it to better orient 
itself with respect to the flexible recording medium. 
Given the movable nature of the gimbal mounted 
head, its magnetic transducer can not be main- 
tained in fixed spaced relation to a single common 
detector thereby resulting in incorrect error position 
signals. 

Additionally, the signaMo-noise ratio of the rel- 
atively simple detection arrangement used in that 
system has room for improvement. In particular, it 
would be useful to have a detection scheme that is 
less vulnerable to roughness and non-uniformities 
along the edges of the optical pattern, is able to 
average detection over relatively large areas to 
minimize the effect of localized non-uniformities or 
clumping of particles in the thin magnetic recording 
layers, is abie to adjust for some offset between 
the magnetic center and optical center of the cir- 
cular tracks, and is more amenable to adjustment 
to compensate for variations that may exist among 
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different disks, tcansducers, and disk drives as trie 
result of being manufactured at different times. 

Various other improvements are possible as 
will appear from the subsequent detailed descrip- 
tion of the invention taken in conjunction with the 5 
drawings. 



Summary of the Invention 

w 

The present invention provides a number of 
features for improvement of the magnetic data stor- 
age apparatus described in the earlier application. 
It should be noted that some of the features are 
independent of others of the features so that a is 
particular embodiment of the invention need not 
include all of the novel features to be described. 

A first feature of the invention is the incfusion 
in a head carriage assembly of a pair integrated 
heads each including its own read and/or write 20 
transducer, tight source and detector and adapted 
for use to provide tracking^ control on a respective 
one of the two opposite sides of the disk or other 
storage medium. This arrangement substantially re- 
laxes head alignment tolerances especially in the 26 
case of a flexible disk drive wherein the spaced 
relation between the transducer and its correspond- 
ing detector is fixed by this integrated head con- 
struction. 

Additionally, another feature of the invention is 30 
that each of two separate detectors includes a 
photosensitive sensor which is designed to serve 
as the reference grating in its optical system to 
avoid the need for a separate or discrete reference 
grating. This integration of functions has the advan- 35 
tage of eliminating any gap between the reference 
grating and the sensor.thereby eliminating potential 
optical interference and diffraction. 

Additionally, in its preferred form, the detector 
is a quadrature detector comprising four photocells 40 
interleaved to provide a desired spatial phase dif- 
ference between cells that is useful for reducing 
common mode noise and averaging out minor local 
deviations from uniformity in the recording layers . 
Additionally, the quadrature detector introduces an 45 
additional degree of freedom that can be used to 
compensate for variations from disk to disk or drive 
to drive. 

In particular, the preferred detector of an illus- 
trative embodiment includes a plurality of elon- 50 
gated active photosensitive strip elements, typically 
sixteen, equally divided among four, uniformly in- 
terleaved but separate, photocells in which the 
width of each element is equal to the width of each 
of the opaque lines forming the optical grating in 55 
the disk and also of the transparent gaps between: . 
the opaque lines. Moreover, the elements are 
spaced apart by opaque optical stops one half the 



width of each of the elements. By properly inter- 
connecting the four photocells in a novel circuit 
arrangement that includes several parameters that 
are variable, there results a detector that can be 
used to improve the signal-to-noise ratio, to aver- 
age out non-uniformities in the recording layers, 
and to compensate for variations in different drives 
and different disks. 

Moreover, one embodiment of the invention 
involves providing optical systems for each side of 
the disk in which collimated illumination from a 
quasi-point or quasi-fine source or array of line 
sources causes the media grating to self image by 
diffraction on the reference grating to reduce the 
effect of any necessary separation of the two grat- 
ings. 

Accordingly, magnetic storage apparatus in ac- 
cordance with preferred embodiments of the inven- 
tion are configured for use with a double sided 
storage medium, such as a disk, having: a light 
transmissive support for first and second light tran- 
smissive recording layers on its opposite surfaces 
and Including intermediate between the two storage 
layers an optical grating made up of opaque lines r 
and light transmissive gaps of substantially equal * 
widths. ? 

Additionally, the head carriage assembly, that I 
is mounted for radial movement relative to the disk, 
supports in addition to a separate read/write trans- 
ducers adjacent to each of the two storage layers, 
first and second light sources on respective op- 
posite sides of the disk, and first and second 
detectors aligned with the respective sources on 
opposite sides of the disk for defining a pair of 
separate light paths through the disk. Each of the 
detectors preferably includes a sensor formed by 
an integral multiple of four interleaved photosen- 
sitive elements appropriately spaced to serve as a 
reference grating for cooperation with the optical 
grating in the disk. Moreover, the photosensitive 
elements are interconnected to form four separate 
photocells which in turn are then interconnected in 
a circuit for developing a servo signal indicative of 
the position of the active head relative to a selected 
track. Additionally, the circuit includes parameters 
that may be varied for calibration purposes to com- 
pensate for variations from disk to disk. 

Additionally, the efficiency, and hence accu- 
racy, of the servo system can be further enhanced 
by the inclusion of novel illumination sources to 
cause the optical grating in the disk to self image 
by diffraction onto^the reference grating formed at 
the detector. In one embodiment, the illumination 
arrangement uses an extended area light-emitting 
diode source with appropriate optics to form there- 
from a line grating whose multiple beams s If im- 
age the disk grating on the detector grating con- 
structively. Alternatively, a laser diode or other type 
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of light-emitting diodes may be used as the light 
source. 

The invention will be more fully understood 
from the following detailed description taken in 
conjunction with the accompanying drawings. 



Brief Description of the Drawings 

FIG. i shows in simplified form the basic 
elements of a head carriage assembly with a disk 
inserted therein in accordance with an illustrative 
embodiment of the invention; 

FIG. 2 shows in simplified form the same 
elements shown in FIG.1 with the carriage config- 
ured for disk insertion and withdrawal; 

FIG. 3 shows in cross section a double sided 
magnetic disk including an opticai grating for use in 
the assembly shown in FIG. 1 ; 

FIG. 4 shows the layout of the various pho- 
tosensitive elements of a sensor that also serve as 
a reference grating at the detector for cooperation 
with the pptical grating , in the disk, in an assembly 
of the kind shown in FIG/s 1 and 2; 

FIG. 5 shows a plan view of silicon device 
that forms a sensor of the kind included in FIG. 4; 

FIG. 6 shows schematically a quadrature de- 
tector circuit using the sensor of FIG. 4 to provide 
a servo signal from the light incident on the sensor; 

FIG. 7 shows a novel form of illumination 
source suitable for use in the assembly shown in 
F!G.'s1and2; 

FIG. 8 shows in funtional block diagram form 
a data storage apparatus embodying the present 
invention; 

FIG. 9 is a perspective view of an integrated 
head stucture in accordance with the present in* 
vention; 

FIG. 10a is a plan view of a diffraction lens 
used for coliimating purposes in an a head em- 
bodying the present invention; and 

FIG. 10b is a schematic representation of the 
cross-section of the lens of FIG. 10a. 

It is to be understood that the various figures 
are not to scale unless indicated. 



Detailed Description 

Referring now to FIG. 1, there is shown sche- 
matically the basic elements of a head carriage 
assembly 100, in accordance with an illustrative 
embodiment of the invention, operatrveiy positioned 
with respect to a doubt sided magn tic disk 12 
rotatably supported on a drive spindle 13. Th 
details of disk 12 are shown in FIG. 3. Head 
carriage assembly 100 and spindle 13 form part of 



a magnetic data storage apparatus or flexible mag- 
netic disk drive embodying the present invention. 
Assembly 100 is also shown in FIG. 2 in its inoper- 
ative disk insertion or withdrawal position with the 
s magnetic disk 12 removed. 

As shown in FIG. 3, the disk 12 comprises a 
base 20, formed by a support member 21 chosen 
to be transparent to the radiation of the light or 
illumination source to be used for tracking control 

10 and an optical grating 22 formed on or in member 
21 by relatively opaque concentric rings 22A, al- 
ternating with relatively transparent gaps or rings 
22B, with respect to the radiation to be used for 
tracking control. These rings also serve as optical 

15 tracks to define the position of tracks in which 
information is to be stored in magnetic data record- 
ing or storage layers 24 and 25 which are located 
on opposite surfaces of the base member 20. 
These layers 24 and 25 are very thin compared to 

20 the thickness of base 20 so as to substantially 
.transparent or at least highly transmissive, with 
respect to the radiation used for tracking control. 

While the inventive concepts of this invention 
may be used to. advantage in storage apparatus or 

25 disk drives using different types of storage media, 
e.g. magnetic (flexible or rigid), optical or magneto- 
optical, the illustrated embodiment is directed to a 
flexible magnetic disk drive as will become more 
apparent. In this case disk 20 is a flexible or floppy, 

30 high density magnetic recording disk contained in 
a cassette housing or jacket ( not shown) and 
having a plastic (e.g. Mylar) support 21 on which 
the opticai grating pattern 22 is photographically or 
otherwise formed. Typically, support member 21 is 

35 about ,003 inches (0.08 mm) thick and the thin 
magnetic recording layers 24 and 25 have a thick- 
ness of about 1 micron (0.001 mm). 

The composition of layers 24 and 25 typically 
includes gamma ferric oxide or barium ferrite par- 

40 tides dispersed in a polymeric binder with the 
latter particle being preferred for higher density 
data storage. While this type of disk is transmissive 
to visible light for head position control purposes , 
it is even more transmissive to light in the infra-red 

45 portion of the spectrum and therefore the use of 
infra-red light is preferable. 

With reference again to FIG/s 1 and 2, the 
head carriage assembly 100 includes in operative 
relationship with the disk 12, a radially movable 

so head support 14 comprising support members 14A 
and 14B which supports a pair of complementary 
integrated magnetic and optical heads 0 and 1. 
respectively, on opposite sides of the disk in 
spaced operative alignment with each other. Each 

55 of the heads 0 and 1 includes a body portion 10, 
suggested by the dotted lines for visual clarity, 
which supports and positions the elements of the 
head including a magnetic read/ write transducer 
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15; a light source 16 and an aligned collimating 
lens 17; and a light detector 18. It should be 
understood that the inclusion of collimating lens 17 
is preferable for both improving collimation and 
concentrating light flux, but its use in the integrated 
head is not absolutely necessary. 

Each transducer 15 includes a body portion 
15a mounting a ferrite core 15b having a flux gap 
therein at the face of the head confronting the 
respective adjacent magnetic layer on the disk. 
The head is adapted to fly over the recording 
surface in air bearing relation thereto and the body 
15a typically includes a slot 15c in the face for 
selectively reducing pressure in the air bearing for 
flying height control as is well known in the art. The 
complimentary arrangement of the transducers 15 
in the opposed heads 0 and 1 provides a radial 
offset of the respective cores 1 5b which is desir- 
able to prevent data print-through of the opposite 
recording surface as is known in the art. 

The detector 18 is preferably located on one 
side of the transducer 15 and the light source 18 
and associated lens 17 ( if used) are located on the 
other side, although both of these element could be 
grouped together on one or the other side. Also it 
is preferable for tracking purposes to position the : 
detector on the side of the transducer body where 
it is closest to the core 15b so that the detector 
"looks at " a portion of the disk that is as close a 
possible to the magnetic flux gap. While it would 
be ideal for the detector to look at exactly the 
same portion of the disk as the transducer gap. 
physically these two elements cannot occupy the 
same space and thus are radially offset as shown. 
However, by locating the detector 18 as close to 
the transducer core 15b as practical, this offset is 
minimized. 

The arrangement of the detectors 18 and the 
light sources 16 on the opposed heads 0 and 1 is 
complimentary so that the light source 16 on head 
0 is positioned to direct light output therefrom 
through the disk 12, for modulation by grating 
pattern 22, onto the aligned detector 18 of head 1. 
Similarly the light source 16 on head 1 directs its 
light output through the disk onto the aligned de- 
tector 18 on head 0. 

The details of the light sources and the detec- 
tors will be discussed in detail hereinafter. 

Support member 14A is shown schematically 
to be pivotally coupled to support member 148 at 
hinge point 19. This allows support member 14A to 
rotate to the raised inoperative position shown in 
FIG. 2 where heads 0 and 1 are spaced further 
apart to facilitate disk insertion and withdrawal. As 
a disk 12 is inserted into the drive and is seated on 
spindle 13, support member 14A automatically re- 
turns to the position shown in FIG. 1 . As a disk 1 2 
is removed, support member 14A automatically 



returns to the position shown in FIG. 2. 

Support members 14A and 148 need not be 
coupled together, but it is desirable that one of 
same should be designed to capable of being 
5 moved relative to th other so as to facilitate easy 
and safe removal and insertion of a disk 12. 
Mechanisms for effecting such movement of the 
head carriage supports are well known in the art 
and need not be discussed further herein. 

jo Because the illustrated head carriage assembly 
100 is adapted for use with a flexible disk 12. the 
upper head 1 is preferably suspended from a gim- 
bal arrangement 26 mounted on the underside of 
pivoting support 14a which allows head 1 to pivot 

is somewhat about its pitch and roll axis to maintain 
its face to face alignment with head 1 in the pres- 
ence of a portion of the spinning flexible disk 1 2 
therebetween that may assume a slight curved 
shape depending on head penetration and loading, 

20 Also, the gimbal mounting is provided to com- 
pensate for transient distortions of the flexible disk 
12 resulting from disk vibration in response to 
rotation. Such gimbal arrangements are well known 
in the art and need not be discussed further herein. ^ 

25- : In the U.S: application Serial No. 898,527, op- T 
ticaJ servo head position control for double sided ; 
recording is accomplished with a single optical * 
system comprising a light source on one side of 
the disk and a detector incorporating the reference 

30 grating on the opposite side of the disk. While this 
system is workable, it presents a difficult and cost- 
ly manufacturing problem relating to the very tight 
mechanical tolerances required for mounting the 
two magnetic transducers and the single detector 

35 on the carriage so the detector is in a non-varying 
predetermined radially spaced relation with respect 
to each of the magnetic transducers on opposite 
sides if the disk. The tolerance problem is even 
more sever in the case of a flexible disk drive 

40 because one transducer must be gimbal mounted 
on the arm of the carriage that pivots or moves 
relative to the other thus providing two additional 
tolerance factors to overcome. But the more im- 
portant concern is that the gimbal mounted trans- 

45 ducer moves in response varying disk dynamics at 
the head medium interface so its radial spacing 
from the fixedly mounted detector will vary and 
result in incorrect position error signals. 

As will become apparent by using two sepa- 

50 rate optical servo systems and incorporating the 
optical and magnetic transducer components into 
an integrated head structure, these types of prob- 
lems are minimizes. 

Because it is important that the spacing be- 

55 tween the detector and the active transducer not 
vary, and given the movabl natur of the gimbaled 
head 1, it is desirable to have the tracking control 
detector 18 on the same side of the disk as the 
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active transducer 15 doing the reading or writing. 
This can b satisfied only if a separate detector 1 8 
is adapted to be associated with each side of the 
disk. This necessitates the inclusion of two sepa- 
rate optical systems, one for each head. 

Accordingly, in the head carriage assembly 
100 shown in FIG. 1, detector 18 on head 1 is used 
to control the tracking alignment on the magnetic 
layer 24 on the upper surface of the disk 12 and 
detector 18 on head 0 is used to control the 
tracking alignment on the magnetic layer 25 on the 
lower surface of the disk 12. 

The drive of which the head carriage assembly 
100 and spindle 13 are part also includes means 
for moving the support 14 radially with respect to 
the disk, and in the cross-track direction with re- 
spect to the disk grating 22, so that the head being 
activated for reading/writing is aligned with the sin- 
gle track being addressed. Such means are under 
servo control of the head position error information 
provided by the two optical systems formed re- 
spectively by the light sources 16 and detectors 18 
on the opposed heads 0 and 1. Additionally, the 
drive includes means for rotating the disk in oper- 
ative relation to the disk. These drive components 
and the operation of head position control system 
will be described later herein with reference to Fig. 
8. 

It will be useful to discuss at this point the 
detection process of the tracking control signals. 

The small scale of the optical tracks defined by 
the opaque rings 22A formed on the disk 12 
(shown in FIG. 3) makes it likely that their edge 
profile will not be ideal but rather will include 
roughness that may produce additional noise in the 
servo signals. As an example of the scale, in a 3.5 
inch flexible disk format, a high density barium 
ferrite disk of 20 Mb capacity ( 10 Mb per side) 
would require a track density of about 540 TPI. 

It is known that the signal-to-noise ratio in a 
periodic optical system may be improved by spa- 
tial filtering. e.L weighted integration over periodic 
portions of space. Each detector 18 in its optical 
sensor used in the preferred embodiment of the 
invention uses spatial filtering to improve the 
signal-to-noise ratio of the detection process. 

Additionally, it is to be noted that not only is it 
important for the detection system to detect any 
misalignment between the active head, i.e. the par- 
ticular head being aligned, and the desired optical 
track, but it is also important to ascertain the ap- 
propriate direction of radial movement to correct 
the alignment 

To this end, it has been found advantageous to 
use an optical grating in the disk in which the width 
of the opaque lines 22A is essentially equal to the 
width of the transparent gaps 22B in combination 
with a det ctor whose sensor portion includes a 



first periodic set of viewing apertures spaced by 
optical stops to form a reference grating, the width 
of the apertures ( the cross track dimension) 
matching the width of the opaque lines of the 

s optical grating in the disk. 

As the reference grating of a detector on a 
head is moved radially with respect to the disk 
cirating, they act in combination to modulate the 
intensity of light that reaches the photosensitive 

w portion of the detector behind the reference grating 
that provides the position error signal. When the 
two gratings are in phase with their respective 
opaque and transparent portions in alignment, the 
amount of light reaching the photosensitive element 

75 is at a maximum. When the two gratings are offset 
by one half track pitch, or are 180 degrees out of 
phase, the opaque portions of one grating block the 
transparent portions of the other grating so that the 
intensity of light that is incident upon the photosen- 

20 sitive element is at a minimum. Advantageously, 
with this arrangement of equal pitch gratings, the 
variation of light intensity is* essentially linear be- 
tween the maximum and minimum offset positions 
of the gratings providing a linear control range for 

25 determining position error of the transducer relative 
to a selected track. Thus, .the maximum linear 
control range is obtained by making aperture width 
exactly half the track pitch. Each of the periodic 
apertures is designed to essentially overlie the 

30 transition between transparent space and an opaq- 
ue line of the disk grating so that movement to 
reduce the amount of light intercepted will tend to 
center the aperture properly over the transition 
being tracked. 

35 Moreover, to insure that minor irregularities in 
edge smoothness of the opaque lines have a rela- 
tively small effect, it is desirable to have an ap- 
erture whose length along the track is relatively 
long. That is, because it desirable to follow a 

40 smooth track, the effect of Irregularities may be 
lessened by averaging along the track. Thus the 
length of the aperture along the track should be 
sufficient so the minor irregularities have a much 
smaller percentage effect on the amount of light 

45 failing on the photosensitive portion of the detector. 
However, because the. opaque lines of the disk 
grating are curved, and because the viewing ap- 
ertures are linear, as is desirable for ease of fab- 
rication, an aperture that is too long may have 

so portions that overlie the opposite transition. To get 
an effective longer length, the detector is designed 
also to include a second set of periodic apertures 
that essentially tracks the opposite transition 
(opaque to transparent) of the disk grating, i.e., a 

55 set like the first set but directly out of phase with it. 
In particular, an ideal detector for generating 
servo signals would comprise a pair of photodiodes 
each viewing the sam area of the disk through 
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matched spatial "filters that lead and lag the mag- 
netic track by ninety degrees of pitch, respectively. 

The geometry for such a generator can be 
realized with a custom photodetector array consist- 
ing of two independent active areas, each with a 
periodic set of fingers whose width matches the 
width of the lines and gaps to be detected, with the 
two sets interleaved to form an interdigitated two 
channel detector whose separate outputs would be 
supplied to different inputs of a differential amplifier 
for subtraction. 

There is an additional complication in that disks 
typically are intended to be interchangeable be- 
tween drives which have the same phasing. While 
precise manufacturing is one way of insuring the 
same phasing, this results in an increase in produc- 
tion costs. An alternative is to permit individual 
drives to be adjusted at time of use to achieve the 
desired phasing. Although mechanical adjustment 
of the individual drives is possible, electrical adjust- 
ment typically is more attractive and precise. 

Referring now to F1Q. 4. there is shown the 
layout of the photosensitive sensor portion 500 of a 
quadrature detector 18 for use in the present inven- 
tion and designed additionally to facilitate calibra- 
tion of each detector 1 8 to the particular disk used. 
This sensor comprises a uniformly spaced array of 
sixteen parallel, rectangular, photosensitive ele- 
ments 50 interconnected in groups of four to form 
four photocells. In particular, as depicted, each 
element labelled A is connected to a common lead 
51 and forms part of photocell A, each C element 
is connected to common lead 52 and forms part of 
photocell C ( each B element is connected to com- 
mon lead 53 and forms part of photocell 8 and 
finally each 0 element is connected to common 
lead 54 and forms part of photocell D. It will be 
convenient to describe the interleaving of elements 
of four photocells in this fashion as "periodic- 
interleaving of the elements of the four photocells. 
Between each element 50 is a non- photosensitive 
or "dead" space 55 which serves as an optical 
stop to minimize cross-talk between elements 50. 

The array of sixteen elements 50 corresponds 
essentially to a square aperture desired for the 
sensor to intercept the infra-red radiation that 
passes through the disk and is modulated by the 
disk grating 22. 

There is also shown included on the right side 
of FIG. 4, the opaque lines 22A spaced by gaps 
22B forming the optical grating 22 included on the 
disk. The relative position of the elements 50 of the 
sensor array to the optical grating 22 corresponds 
to that when the array is in the alignment cor- 
responding to that desired for stable tracking, with 
essentially no servo current being generated. It will 
be noted that the height of the sixteen elements 50 
correspond to twelve opaque lines 22A and inter- 



vening transparent gaps 22b of the disk grating 22. 
To this end, each finger element 50 has a width 
equal to the average width of an opaque (or trans- 
parent) grating line 22A and , when active, serves 

5 as a half track pitch aperture. Each optical stop 55 
has a width of one-half the width of a finger ele- 
ment 50. The uppermost, or first opaque line 22a. 
has its bottom edge aligned with the top edge of 
the uppermost or first C finger element. The sec- 

io ond opaque line 22a has its top edge aligned with 
the bottom edge of the first C finger element 50. 
The third opaque line 22a is aligned with the first O 
element 50 and the fourth opaque line 22a, like the 
first, has its bottom edge aligned with the top edge 

15 of the next or second C element 50 and the pattern 
is repeated. 

The result is that all four of the finger elements 
50 of an individual photocell have the same spatial 
phase relation with the optical grating 22. It can be 

20 seen that the horizontal center lines of elements 50 
of photocells A are spaced one and one-half pitch 
distance of the optical grating 22 from the horizon- 
tal centeriines of the elements 50 of photocell 8. 
and the horizontal centeriines of elements 50 of [ 

25 photocell C are similarly spaced from the elements | 
50 of photocell D. Moreover, the horizontal center- ; 
lines of the elements 50 of photocell A are spaced V 
three quarters of the pitch distance of optical grat- 
ing 22 from the horizontal centeriines of elements 

30 50 of photocell C, as are the elements 50 of 
photocell B from the elements 50 of photocell D. 

Referring now to FIG. 5, there is shown a four 
channel sensor of this kind. It comprises a silicon 
chip 600, the back surface (not shown) of which 

35 includes an N-type region covered with a large 
area electrode (not shown), the front surface of 
which includes an array of sixteen elongated P- 
type regions 60, corresponding to the sixteen ele- 
ments 50 shown in FIG. 4. Generally, there is 

40 included an intermediate intrinsic layer (not shown) 
between the P-type and N-type region to form 
sixteen PIN structures (not shown) that are pho- 
tosensitive. The spacing of the sixteen elements is 
as previously described and each group of every 

45 fourth element is connected to a different one of 
four output electrodes 61, 62, 63, and 64 cor- 
responding respectively to leads 51, 52, 53 and 54 
of FIG. 4. Large area conductive pads labelled 66A, 
66B, 66C and 66D, respectively, are provided as 

so output terminals of the four photocells A, B, C and 
O. The electrode (not shown) on the back surface 
(not shown) serves as a common electrode for the 
four photocells A,B,C, and D. Aluminum strips 65, 
opaque to the illumination, serve as optical stops to 

55 isolate individual P-type regions from their neigh- 
boring P-type regions. 

Referring now to FIG. 6, ther is shown how 
the four photocells A, B, C and O are intercon- 
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nected to form a quadrature detector 70. A com- 
mon electrode of each is a.c. grounded. Output 
electrodes (terminals) of cell A and cell 8 are 
connected to the inverting and non-inverting input 
ports, respectively, of a differential amplifier 71 and 
output electrodes (terminals) of cells C and D are 
connected to the inverting and non-inverting input 
ports, respectively, of a differential amplifier 72. An 
output terminal of amplifier 71 is supplied directly 
to one position of a switch 73, and by way of an 
inverter circuit 74, to the other position of switch 
73. Similarly, an output terminal of amplifier 72 is 
supplied directly to one position of a switch 75 and 
indirectly, by way of an inverter circuit 76, to the 
other position of switch 76. Respective output ter- 
minals of switches 73 and 75 are connected to 
opposite ends of a potentiometer 77, whose adjust- 
able center tap 78 supplies an output terminal 79 
of the detector. The settings of switches 73 and 75 
and of the center tap 78 are adjusted typically 
during a calibration phase, when a disk 12 is first 
inserted in the drive, so that when a read/write 
transduce core 15b is properly aligned with a refer- 
ence track provided on the disk 12 ,a null is mea- 
sured at the output terminal 79, corresponding to 
an absence of servo signal for providing any ad- 
justing movement of the head carriage 14. It will 
usually be desirable to include a reference track 
(not shown) on the disk together with appropriate 
control circuitry (not shown) to set the switches and 
the potentiometer tap electronically. It should be 
also understood that the switches 73 and 75 and 
the potentiometer 77 are electronic components 
well known for such roles. 

It can also be appreciated that this circuit can 
act to correct for offsets between the center of the 
magnetic track and the center of the optical track. 

It can be shown that by making the width of 
each finger element 60 of the sensor equal to one- 
half the pitch distance of the disk grating 22, the 
range of linear control is maximized, and by divid- 
ing this pitch distance equally between the opaque 
line and the transparent gap in the disk grating 22, 
the chances for a jump between tracks when there 
is a drift from alignment is minimized. 

Additionally, by using four photosensitive finger 
elements 60 in each photocell spaced apart by an 
integral number of pitch distances (three pitches in 
the illustrated embodiment) , there is effectively 
enlarged the size of the detector for higher sen- 
sitivity which results in better averaging out noise 
arising from the various sources. These sources of 
noise typically include irregular spacing and ragged 
edges of the grating lines, the viewing of optical 
patterns through grainy magnetic coatings 24 and 
25 , and . also, non-uniformities in the disk 12 such 
as elliptical track distortion caused by anisotropy of 
a disk's base material 21. It should be understood 



that an integral multiple of four can be used for the 
total number of elements 60 to be used for division 
between the four photocells A.B.C, and D. the 
larger the number the greater the averaging effect, 
s Moreover, by using a pair of photocells such as 

photocells A and B t viewing essentially the same 
area that lead and lag the magnetic tracks, respec- 
tively, by one-quarter the pitch distance, one for 
tracking the upper illustrated edge of an opaque 

w disk grating line 22a and the other for tracking the 
lower edge of grating of the next adjacent line 22a, 
there is effectively canceled out common mode 
noise which may be caused , for example, by 
variation of the intensity of the illumination source 

rs or variations in the optical transmission characteris- 
tics of the magnetic coatings 24 and 25. 

Finally, a quadrature detector formed by inter- 
leaving two sets of pairs of photocells, shifted in 
phase in the manner described, there is added an 

20 extra degree of freedom for electrical adjustment to 
compensate both for minor deviations from uni- 
formity because of imprecision of manufacture of 
different transducers and for offsets between the 
centers of the magnetic and optical tracks. 

25 In the illustrated embodiment the sensor 600 
utilizes the geometry of the individual photosen- 
sitive elements 60 and their relative spacing in the 
array to form a photosensitive electronic reference 
grating, thus combining the function of light modu- 

30 lation and detection into a single structural element. 
In this sensor, each of the elements 60 functions as 
an aperture for its corresponding photocell and the 
aluminum stripes 65 serve as optical stops. How- 
ever, each element 60, while serving as an ap- 

35 erture for its own photocell, also effectively serves 
as an optical stop for the other photocells. For 
example, with regard to photocell A, the intervening 
elements 60 of cells C,B, and D do not provide 
signals to the A channel even though light passing 

40 through the disk 12 is incident thereupon, so effec- 
tively these elements are inactive as far as 
photocell A is concerned and thereby function as 
optical stops. 

To maximize the effectiveness of the tracking 

45 technique, various other considerations are also 
important. 

First, it is desirable to maximize the degree of 
modulation and the triangular waveform of the 
servo-signal provided by the sensor while minimiz- 

so ing the distortion arising from separation of a de- 
tector 18, formed by sensor 600 from the optical 
grating 22 on the disk. This distortion is caused by 
diffraction blur and can be minimized ideally by 
locating the detector 18 in close proximity to the 

55 disk 12. However, this is not always easy to do 
because there are usually wire leads bonded to the 
top surfaces of the conductiv pads 66 of the 
photocells and these tend to limit how close the 
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detector 18 on integrated head 0 or 1 may be 
positioned to the disk. Nevertheless, in some in- 
stances it has been the practice to position the 
detector 18 as close to the disk as such obstruc- 
tions permit, tolerating some degradation of the 
disk grating modulated light pattern received. 

One such integrated head structure is shown in 
Fig. 9 wherein integrated head 90 comprises a 
body portion or collar 92 adapted to receive and 
support a magnetic transducer 15 as shown. Adja- 
cent the ferrite core 1 5b, collar 92 mounts the 
sensor 600, which is the equivalent of the detector 
18 in Rg. 1, in fixed radial spaced relation to the 
flux gap of core 1 5b. On the opposite side of 
transducer 15, the collar mounts a lens 17 for 
directing the light output from a light source 16 
therebehind ( not shown) through the disk 12... 

The collar 92 supports the sensor 600 as close 
as possible to as the plane of the flux gap while 
permitting space for the wire bonded leads 94a-d 
connected to the corresponding pads 66a-b. Al- 
though not shown in the drawings, thin transparent 
covers may be provided over the sensor 600 and 
lens 17 to provide the head 80 with a smoother 
face that is adapted to confront the disk surface. 

Alternatively, it is also possible to include an 
optical element such as a gradient-index rod in the 
head body adjacent to the disk facing surface to 
image the optical grating 22 of the disk onto the 
reference grating of the detector 18, but this struc- 
ture tend to be difficult and costly to package and 
manufacture. 

A more promising approach includes the use of 
highly col li mated light from a quasi-point or line 
source for the illumination so that the disk grating 
22 self images on the reference grating of the 
detector 18 by diffraction. This can make for easier 
packaging, less expensive optics, and reduced op- 
tical noise resulting from dirt, scratches and edge 
roughness in the media. 

One technique to achieve collimation and 
therefore to form a diffraction image is to use a 
laser diode light source 16, as a quasi point source 
or line source at the infinity focal plane of a lens, 
such as a gradient index rod, a plastic aspherlc 
collimating lens, or a holographic collimating lens, 
to supply a colllmated beam of light This light is 
transmitted through the optical grating 22 of the 
disk to self image optical grating 22 onto the sur- 
face of the detector 18 incorporating the reference 
grating therein. . The detector 18 is placed at a 
distance D from the disk grating 22 as given by the., 
relation O = P 2 /L . where P is the pitch of the disk 
grating 22 and L is the wavelength of the light. 
Alternatively, it may be preferable from a cost and 
packaging view to substitute an edge light-emitting 
diode or area light-emitting diode, wherein the 
emitting area is less than 5 microns in one dimen- 



sion, as a quasi-point or line source for the diode 
laser light source 16, thereby also avoiding objec- 
tionable interference patterns that may arise be- 
cause of the temporal coherence of a laser. When 
s line sources are used, they should be aligned to be 
parallel to the disk and detector gratings. 

An alternative that permits use of a relatively 
large or extended area light source 16 is shown in 
FIG. 7. It includes a surface area light-emitting 

io diode 81, illuminating the rear surface of optical 
element 82. This rear surface includes an entrance 
surface 83 that is shaped to form a linear grating 
and coincides with the infinity focal plane of optical 
element 82. In particular, the surface 83 includes 

is flat portions where light enters for passage to the 
exit surface 84, alternating with rearwardly extend- 
ing V shaped faceted portions where incident light 
. is scattered and does not effectively pass through 
to the exit surface. The exit light surface 84 is 

20 aspheric so that element 82 serves as a collimating 
len$. Because of the geometry of element 82, the 
extended area light emitting diode 81 simulates an 
array of line sources. As a result, there exits from 
exit surface 84 a set of angularly spaced collimated [ 

25 beams, one for each of the flat portions of the r 
entrance surface 83, that are spatially coherent. In ■ 
the interest of simplicity, only three of the beams ? 
are shown in FIG. 7. These beams are then passed 
through the optical grating 22 in the disk 12 to self 

30 image the disk grating 22 on the detector reference 
grating, as previously indicated to be desirable. 
The linear grating formed at the entrance surface 
83 is designed to have a periodicity that causes the 
corresponding multiple self images to superimpose 

as constructively. 

It is possible, if desired, to position the refer- 
ence grating on the detector 18 further from the 
disk grating 22 at the focus of a higher order 
diffraction self image. 

40 Another type of optical element 17 that may be 
used in the integrated head structure is a diffraction 
lens, or zone plate, that is a circular diffraction 
grating which focuses Eight not by refraction like a 
standard lens, but by diffraction. In an integrated 

46 head it would serve as a collimator lens for a quasi- 
point source LED. 

The diffraction lens comprises alternating 
opaque and transparent zones 9 concentric cir- 
cles), each zone having the same area, but the 

so pitch of each zone decreases from the center to 
the outer edge. Such a diffraction lens 96 is shown 
in Rg. 10a. The cross section of lens 96 is shown 
schematically in Rg. 10b. The amplitude of each 
diffraction element peak is equal, but the frequency 

55 of circlular elements increase toward the outer 
edge. The grating is symmetrical, so light is di- 
verted into the zero order and equally into the 
positive and negative first orders of diffraction. 
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Weaker focal points occur at each positive and 
negative odd order of diffraction ( i.e.,3,5.7... etc). 

Alternatively, tight may be diverted preferen- 
tially into a sel cted order by including appropiate 
asymmetry in the grating of the diffraction lens. s 

The aforementioned methods in addition tend 
to improve the modulation of the detected signal. 

A data storage apparatus or flexible magnetic 
disk drive 110 embodying the present invention is 
shown in functional block diagram form in Fig. 8. io 
The apparatus 110 operates under the control of a 
controller circuit 112 having read/ write control and 
servo circuits sections that are operated in a co- 
ordinated manner under the administration of a 
microprocessor based control logic circuit section. is 
The controller 112 also is provided with an inter- 
face section for operatively connection the drive 
1 10 to a host computer (not shown). 

The head carriage assembly 14 is connected... 
to a head position actuator 1 1 4 responsive to head 20 
position signals provided by an actuator control 
circuit 116 for moving the head carriage assembly 
14 radially with respect to the disk 12 for track 
seek, read/write and position error adjustment oper- 
ations. The actuator 114 preferably is of the fast 25 
response, precise positioning type and may be 
selected from a variety of such actuators recog- 
nized in the art as being suitable for high data 
density applications. 

The apparatus 110 also includes means for 30 
moving the storage medium past the read/write 
transducers and, in the illustrated embodiment, 
such means take the form of a spindle motor 
assembly 118 for effecting rotation of the disk 12. 
The spindle motor assembly 118 is operated by 35 
the actuator control circuit 116 which receives in- 
dex signals from the motor assembly 118 and 
provides drives signals thereto in a well known 
manner. The actuator control circuit 116 in turn 
operates in response to input signals received from 40 
the read/write control and servo circuits of the 
controller 112* 

To effect servo controlled head tracking, both 
of the integrated heads 0 and 1 are operative, but 
the head that is enabled for read or write oper- 46 
ations with respect to its adjacent facing side of the 
disk 12 is designated as the "active head". The 
non-active head on the opposite side of the disk 12 
is operative in that its light source 16 Is turned on 
to direct light through the disk, for modulation by so 
the optical pattern or grating 22, and onto the 
reference grating of the detector 18 on the active 
head adjacent its enabled corresponding read/write 
transducer 15. 

Upon receipt of the active head designation 55 
signals from the host computer, th controller 
H2,through its control logic s ction, directs the 
read/write control circuit to send head selection 



signals to two head select switching circuits, 120 
and 122, which configure the heads for the des- 
ignated selection. The first head select switch cir- 
cuit 120 is connected between the read/write con- 
trol circuit if the controller 112 and the read/write 
transducers 15 and light sources 16 of heads 0 and 
1. The second head select circuit 122 likewise 
connected between the controller 112 and the de- 
tectors 18 of heads 0 and 1 and is operative to 
direct the position error signal output from the 
detector 18 on the active head to the servo circuit 
which in response provides corrective position sig- 
nals to the actuator control circuit 116 to effect 
alignment of the active head transducer with the 
selected track . 

Data to be recorded on the disk 12 is fed from 
the read/write section through a write channel cir- 
cuit 1 24 connected to the first head select switch 
120 while data that is to be read from the disk is 
routed through a read channel circuit 126 con- 
nected between the first head select switch 122 
and the read/write control circuit. 

If data is to be written on or read from the 0 
side of the disk ( the underside as viewed in Fig. 
8), head 0 is designated as the active head. In this 
mode, the read/write control circuit directs the head 
select switch 120 to assume a configuration where- 
by the read/write transducer 15 on head 0 is con- 
nected to the appropriate one of the read and write 
channels 126 and 124 (and the transducer on head 
1 is disconnected therefrom) and the light source 
16 on head 1 is energized to direct its light output 
through the disk 12 and onto the reference grating 
of the detector 18 on head 0 which the second 
head select circuit 120 has connected to the servo 
circuit in response to the active head designation 
provided by the read write control circuit. While the 
head 1 light source 16 is energized, the first head 
select circuit 120 maintains the head 0 light source 
16 in a de-energized state and the second head 
select switch 122 blocks signals from the detector 
18 on head 1 from being transmitted to the servo 
circuit. 

In the opposite mode for writing data onto or 
reading it from side 1 , the head select switches are 
reversed to connect the transducer on head 1 to 
the appropriate one of read and write channels 1 62 
and 1 24 , to energize the light source 1 6 on head 0 
and direct the position error signal output from the 
"active" detector 18 on head 1 to the servo circuit. 

With the disk 12 mounted on the spindle 13, 
the position of its grating 22 is relatively fixed and 
the reference gratings on the heads 0 and 1 pri- 
marily move relative thereto for modulating the light 
intensity sensed by the detector 18. In effect the 
two gratings act as a comb typ shutter so that 
when the detector ap rtures are aligned with the 
light transmissive gaps of th disk grating 22, maxi- 
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mum light intensity is sensed and when the ap- 
ertures are in the opposite phase relation to the 
gaps , minimum light intensity is sensed. Between 
these two conditions sensed light intensity varies 
linearly and thereby provides proportionate head 
position error information. 

In the case of a flexible disk, a previously 
recorded circular magnetic track may assume an 
elliptical shape due to anisotropic expansion of the 
disk base material, so in effect the rings of the disk 
grating 22 have moved or shifted relative to the 
reference grating which causes a change in the 
intensity of light at the quadrature detector 18. In 
response, detector 18 provides the appropriate er- 
ror position signal to the servo circuit to effect 
movement of the head carriage 14 for aligning the 
active head with the selected track. 

The illumination used in the illustrative system, 
typically infra-red in a band centered at about 890 
nanometers, is readily available from GaAIAs light- 
emitting diodes or GaAIAs diode lasers. Silicon 
photocells are convenient to use at such 
wavelengths. Moreover, light at this wavelength is 
compatible with the typical materials used for the 
magnetic disk and can readily be arranged to be 
absorbed by the opaque portions of the optical 
grating 22. Of course, other wavelengths can be 
used that satisfy the various requirements that 
must be met if the illumination is to function in the 
role desired. 

While the invention has been described with 
reference to the use of disks, either floppy or rigid, 
as the storage medium, it should be obvious that 
the invention is applicable with obvious modifica- 
tions to other forms, such as tape, where the in- 
formation is stored ki linear tracks and there is a 
need for accurate alignment of a read/write head 
with the particular track being addressed. 

It should also be apparent that various of the 
features discussed for the illustrated preferred em- 
bodiment of the invention may be omitted or modi- 
fied. For example, the quadrature detector may be 
omitted and a simpler form of detector substituted. 
Such a simpler form might be a large area pho- 
tosensitive ceil whose surface has been suitably 
masked to form a linear reference grating thereof 
for cooperation with the optical grating in the disk. 
Alternately, there may be employed simply a pair 
of photocells each including an array of spaced 
strip elements, the two arrays being interleaved in 
a fashion to form a linear reference ng rating at the 
detector for cooperation with the optical grating in 
the disk. 



Claims 

1. A data storag apparatus for use with a 
double sided data storage medium of the type 

5 including a transparent support, a light transmissive 
data storage layer on each of respective opposite 
sides of the support, and an optical grating formed 
on the support between the storage layers for 
defining the location of data storage tracks in the 

10 storage layers, said apparatus comprising ; 

means for- supporting and moving such a medium 
for data read and/or write operations; 
first and second heads each including a data re- 
cording and/or reading transducer, a light source, 

is and a detector, including a reference grating, re- 
sponsive to light transmitted through the medium 
for modulation by the medium grating and there- 
after incident upon said reference grating for pro- 
viding position error signals indicative of the posi- 

20 tion of said transducer relative to a selected track; 
a head carriage configured for cross track move- 
ment relative to the medium and mounting said 
first and. second heads- thereon in complementary 
alignment on opposite sides of the medium such r 

2$ that said transducers are each in recording and/or * 
reading relation to an adjacent one of the storage ? 
layers , said light source on said first head is } 
positioned to direct its light output through the * 
medium and onto said reference grating of said 

30 detector on said second head, and said light 
source on said second head is positioned to direct 
its light output through the medium and onto said 
reference grating of said detector on said first head 
for providing said' position error signals; and 

35 means responsive to said position error signals for 
moving said head carriage assembly to maintain a 
selected one of said transducers in aligned relation 
to a selected track. 

2. A magnetic data storage apparatus for use 
40 with a double sided magnetic data storage medium 

of the type including a transparent support, a light 
transmissive magnetic data storage layer on each 
of respective opposite sides of the support, and an 
optical grating formed on the support between the 
45 storage layers for defining the location of data 
storage tracks in the storage layers, said apparatus 
comprising : 

means for supporting and moving such a medium 
for data read and/or write operations; 

so first and second heads each including a magnetic 
data recording and/or reading transducer, a light 
source, and a detector, including a reference grat- 
ing, responsive to light transmitted through the 
medium for modulation by the medium grating and 

55 thereafter incident upon said reference grating for 
providing position rror signals indicative of the 
position of said transducer relativ to a selected 
track; 
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a head carriage configured for cross track move- 
ment relative to the medium and mounting said 
first and second heads thereon in complementary 
alignment on opposite sides of the medium such 
that said transducers are each in recording and/or 
reading relation to an adjacent one of the storage 
layers , said light source on said first head is 
positioned to direct its light output through the 
medium and onto said reference grating of said 
detector on said second head, and said light 
source on said second head is positioned to direct 
its light output through the medium and onto said 
reference grating of said detector on said first head 
for providing said position error signals; and 
means responsive to said position error signals for 
moving said head carriage assembly to maintain a 
selected one of said transducers in aligned relation 
to a selected track. 

3. The magnetic data storage apparatus of 
claim 2 wherein the magnetic storage medium is a 
flexible magnetic recording disk and said head 
carriage includes first and second head supports, 
mounted for movement between a first position 
wherein said first and second heads are in oper- 
ative relation to the disk and a second position 
wherein said first and second heads are spaced 
further apart than when iri said first position to 
facilitate disk insertion and removal. 

4. The magnetic data storage apparatus of 
claim 3 wherein said first head is gimbal mounted 
on said first support. 

5. The magnetic data storage apparatus of 
claim 2 where on each of said first and second 
heads, said light source and said detector are 
disposed on opposite sides of said magnetic trans- 
ducer. 

6. The magnetic data storage apparatus of 
claim 5 wherein said transducer includes a mag- 
netic core, having a flux gap, mounted near one 
side of a transducer body and said detector is 
located adjacent said one side to position said 
detector in close relation to said core. 

7. The magnetic data storage apparatus of 
claim 2 wherein each of said detectors comprises a 
photosensitive sensor which is configured to serve 
as reference grating as well as providing said posi- 
tion error signals. 

8. The magnetic data storage apparatus of 
claim 2 wherein the magnetic storage medium is a 
flexible magnetic recording disk having a grating 
therein formed by concentric opaque rings sepa- 
rated by transparent rings to define the location of 
concentric circular data tracks in magnetic record- 
ing layers on opposite sides of the disk, and in 
which each detector includes a sensor comprising 
a plurality of uniform parallel photosensitive ele- 
ments spaced apart to define said reference grat- 
ing for cooperating with th disk grating. 



9. The magnetic data storage apparatus of 
claim 8 in which each sensor comprises four sepa- 
rate photocells, each photocell including a plurality 
of said photosensitive elements, said photosen- 

5 sitive elements of said four photocells, being pe- 
riodically interleaved and spaced apart for defining 
said reference grating. 

10. The magnetic data storage apparatus of 
claim 9 in which the disk grating transparent rings 

w are of a width equal to the width of the opaque 
rings and tn which the width of said photosensitive 
elements of the detector is equal to that of each of 
said opaque and transparent rings and in which 
said photosensitive elements are spaced apart by a 

is distance equal to one-half the width of said pho- 
tosensitive elements, 

11. The magnetic data storage apparatus of 
claim 10 in which said means responsive to the 
position error signals includes a circuit which is 

20 supplied with the outputs of the four photocells for 
. deriving a position error signal as a measure of any 
misalignment between a head and a selected track. 

12. The magnetic data storage apparatus of 
claim 1 1 in which said circuit includes a first dif- 

25 ferential amplifier whose two inputs are supplied 
with the outputs of two of the photocells and a 
second differential amplifier whose two inputs are 
supplied with the output of the others of the 
photocells, and the outputs of the two differential 

30 amplifiers are supplied to opposite ends of an 
impedance means that includes a variable terminal 
where a position error signal is available. 

13. The magnetic data storage apparatus of 
claim 2 further including means for imaging a re- 

as spective aligned portion of the storage medium 
grating onto said reference grating of each said 
detector. 

14. The magnetic data storage apparatus of 
claim 13 in which said imaging means includes 

40 means for self imaging by diffraction said respec- 
tive aligned portion of the medium grating onto 
each said reference gratings. 

15. The magnetic data storage apparatus of 
claim 2 in which said light source comprises an 

45 area-emitting diode and said apparatus further in- 
cludes optical means for forming incident illumina- 
tion provided by said diode into a plurality of 
collimated angularly spaced beams of light that are 
spatially coherent. 

so 16. The magnetic data storage apparatus of 
claim 15 in which said optical .means includes 
means for providing that multiple self images asso- 
ciated with the plurality of collimated beams image 
the medium grating on the reference grating of the 

55 detector constructively. 

17. The magnetic data storage apparatus of 
claim 16 in which said optical means includes an 
optical element that includes an entrance surface 
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that includes an-array "of flat surfaces spaced by 
faceted surfaces and an exit surface that is as- 
pheric for forming the incident illumination into the 
plurality of angularly-spaced collimated beams of 
light. s 

18. The magnetic data storage apparatus of 
claim 2 in which each of said light sources com- 
prises a quasi-point or line source and each head 
further includes a collimating optical element posi- 
tioned such the said light source is at the infinity ro 
focus of said collimating optical element and par- 
allel to said medium grating. 

19. The magnetic data storage apparatus- of 
claim 18 in which said collimating optical element 

is a plastic aspherical tens. 15 

20. The magnetic data storage apparatus of 
claim 18 in which said collimating optic is a diffrac- 
tion lens. 

21. The magnetic data storage apparatus of 
claim 18 in which said collimating optic is a gra- 20 
dient index lens. 

22. The magnetic data storage . apparatus of : 
claim 18 in which said quasi point line source is an 
edge emitting light emitting d:ode. 

23. The magnetic data storage apparatus of 25 
claim 18 in which said quasi point line source is a 
laser diode. 

24. The magnetic data storage apparatus of 
claim 18 In which said quasi-point line source is an 

area emitting light emitting diode with its area of 30 
emission approximating a quasi-point or line 
source. 

25. The magnetic storage apparatus of claim 2 
wherein said light sources are infra-red light sour- 
ces. 35 

26. The magnetic storage apparatus of claim 
25 wherein said light sources emit infra-red light in 
a band centered about 890 nanometers. 
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